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7KH FRQWLQXRXV VWULQJHQW UHTXLUHPHQWV RI WKH HQYLURQPHQWDO UHJXODWLRQV DORQJ ZLWK WKH /1* IXHO
SHQHWUDWLRQ DQG WKH GHYHORSPHQW RI SRUW DQG EXQNHULQJ IDFLOLWLHV UHQGHU WKH XVH RI WKH GXDO IXHO





DGHTXDWHO\ UHSUHVHQW WKH HQJLQH RSHUDWLRQ 6XEVHTXHQWO\ WKH HQJLQH GXDO IXHO PRGHO ZDV IXUWKHU
GHYHORSHGE\FRQVLGHULQJWKHLQMHFWLRQRIWZRGLIIHUHQWIXHOVPHWKDQHLQWKHF\OLQGHULQOHWSRUWVDQG
SLORW GLHVHO IXHO LQWR WKH HQJLQH F\OLQGHUV 7KH GHULYHG UHVXOWV ZHUH DQDO\VHG IRU UHYHDOLQJ WKH
GLIIHUHQFHV RI WKH HQJLQH SHUIRUPDQFH DQG HPLVVLRQV DW HDFK RSHUDWLQJ PRGH ,Q DGGLWLRQ WKH
WXUERFKDUJHU PDWFKLQJ ZDV LQYHVWLJDWHG DQG GLVFXVVHG WR HQOLJKWHQ WKH WXUERFKDUJLQJ V\VWHP
FKDOOHQJHV GXH WR WKH FRPSOHWHO\ GLIIHUHQW DLU IXHO UDWLR UHTXLUHPHQWV LQ GLHVHO DQG JDV PRGHV
UHVSHFWLYHO\)LQDOO\SDUDPHWULFVLPXODWLRQVZHUHSHUIRUPHGIRUJDVPRGHRSHUDWLRQDWGLIIHUHQWORDGV
E\YDU\LQJSLORWIXHOLQMHFWLRQWLPLQJLQOHWYDOYHFORVLQJDQGLQOHWPDQLIROGERRVWSUHVVXUHDLPLQJWR
LGHQWLI\ WKH HQJLQH VHWWLQJV WKDW VLPXOWDQHRXVO\ UHGXFH &2 DQG 12[ HPLVVLRQV FRQVLGHULQJ WKH

















































































































































QRQJUHHQKRXVH JDVHRXV HPLVVLRQV LQFOXGLQJ 12[ DQG 62[ DV ZHOO DV WKH JUHHQKRXVH JDVHRXV
HPLVVLRQVPDLQO\&2DVLOOXVWUDWHGLQ,02(06$DQG(3$











5HVSRQGLQJ WR WKHLPSRVHG UHJXODWRU\IUDPHZRUN WKHHQJLQHPDQXIDFWXUHUVHJ0$1'LHVHO	
7XUER  DQG :lUWVLOl  DV ZHOO DV &ODVVLILFDWLRQ VRFLHWLHV HJ $%6  SHUIRUPHG
VWXGLHV IRFXVLQJ RQ WKH JDVHRXV HPLVVLRQV UHGXFWLRQ -HDQ0LFKDHO  +HQGULN HW DO 
%RXPDQHWDO,QDGGLWLRQWKHHQJLQHPDQXIDFWXUHUVKDYHXQGHUJRQHHIIRUWVWRLPSURYHWKH
FRPEXVWLRQFKDUDFWHULVWLFVLQRUGHUWRLPSURYHWKHHQJLQHVHIILFLHQF\DQGFRQVHTXHQWO\WRUHGXFHWKH
DVVRFLDWHG IXHO FRQVXPSWLRQ DV ZHOO DV WR OLPLW WKH HQJLQHV JDVHRXV HPLVVLRQV 0DULQH HQJLQH







































































JUHHQHVW IRVVLO IXHO WKDW IRUPV D ZHOO SURYHQ DQG IHDVLEOH VROXWLRQ IRU VKLSV SURSXOVLRQ :KLOVW WKH
FRQYHQWLRQDOGLHVHOIXHOVZLOO UHPDLQWKHPDLQSUHIHUHQFHIRUWKHPDMRULW\RI WKHH[LVWLQJYHVVHOV LQ
WKHQHDU IXWXUH WKHFRPPHUFLDORSSRUWXQLWLHVRI WKHQDWXUDOJDVDUHDWWUDFWLYH IRUQHZEXLOWYHVVHOV
7KHVXOSKXUFRQWHQWRIQDWXUDOJDVLVDOPRVW]HURDERXWE\PDVVZKLFK LVZHOOEHORZWKH
OLPLWUHTXLUHGIRU(&$VIURPDQGWKHUHIRUHWKH62[HPLVVLRQVRIWKHHQJLQHVRSHUDWLQJLQ
JDVPRGHDUHYHU\ OLPLWHG 62[HPLVVLRQV FDQEH UHGXFHGXS WRFRPSDUHGZLWK WKHGLHVHO
PRGH RSHUDWLRQ DW+)2 ,Q DGGLWLRQ WKH ') IRXUVWURNH HQJLQHVZLWK ORZ SUHVVXUH DGPLVVLRQ FDQ
DFKLHYHXSWR12[HPLVVLRQVUHGXFWLRQDVWKH\RSHUDWHLQWKHOHDQEXUQFRPEXVWLRQFRQFHSWWKH
&2 HPLVVLRQV FDQ GHFUHDVH XS WR  GXH WR WKH QDWXUDO JDV ORZHU FDUERQ WR K\GURJHQ UDWLR





DURXQG  EDU ZKHUH WKH JDV LV GLUHFWO\ LQMHFWHG LQWR WKH F\OLQGHU GXULQJ WKH FRPEXVWLRQ SKDVH
%RWKFDWHJRULHVFDQDFKLHYHW\SLFDOEUDNHPHDQHIIHFWLYHSUHVVXUH%0(3RIDURXQGEDU7\SLFDO
H[DPSOH RI WKH ILUVW W\SH LV WKH :lUWVLOl ') FDWHJRU\ ZKHUHDV :lUWVLOl *' DQG *' DUH
FODVVLILHG XQGHU WKH VHFRQG W\SH -DUI 	 6XWNRZVNL  /LNHZLVH WKHUH DUH WZR W\SHV RI WZR
VWURNH')HQJLQHVFODVVLILHGE\WKHJDVLQMHFWLRQDQGFRPEXVWLRQSURFHVVHVFRQFHSWWKHILUVWRSHUDWHV
DWKLJKJDVIXHOSUHVVXUHDURXQGEDULQZKLFKWKHJDVIXHOLVLQMHFWHGGXULQJWKHFRPEXVWLRQ
SKDVH DQG LV EXUQW DFFRUGLQJ WR WKH GLIIXVLYH FRPEXVWLRQ FRQFHSW DV GHVFULEHG LQ 0$1 'LHVHO 	
7XUERZKHUHDVWKHVHFRQGRSHUDWHVLQORZJDVIXHOSUHVVXUHDURXQGEDULQZKLFKWKHJDV





































































SUDFWLFHV DUH UHSRUWHG LQ .DULP  7KH UHVHDUFK HIIRUWV UHSRUWHG LQ .ULVKQDQ HW DO 
&RUGLQHUHWDO.DYWDUDG]HHWDO6ULQLYDVDQHWDO9DVLOHY2]FDQHWDO
3DSDJLDQDNLVHWDO3LUNHUHWDO-DUYL$QGUH;XHWDO
$EDJQDOH HW DO  <RXVHIL HW DO  %R HW DO  /L  4LDQJ HW DO 
=KRQJVKXHWDO%DQFNHWDO&DPHUHWWLHWDO0RUL\RVKLHWDO6KLQVXNH
HWDO :DQJHWDO*HRUJHVFXHWDOPDLQO\GHDOWZLWK WKH LQYHVWLJDWLRQRIWKH
GXDOIXHOHQJLQHVHPLVVLRQFKDUDFWHULVWLFVWKHGHYHORSPHQWRIPHWKRGVIRULQFUHDVLQJWKH')HQJLQHV
HIILFLHQF\ WKHRSWLPLVDWLRQRI WKHSLORWIXHO LQMHFWLRQDQGJDV VXEVWLWXWLRQ UDWH WKHH[WHQVLRQRI WKH
RSHUDWLQJUDQJHRIJDVPRGHDQGDYRLGLQJNQRFNLQJ6LPXODWLRQWRROVRIYDULRXVFRPSOH[LWLHV'WR
'6LQJKHWDO0HUNHUHWDO&REOHHWDO5LW]NHHWDO7KHRWRNDWRV
HW DO  0DYUHORV HW DO  KDYH EHHQ XVHG IRU LQYHVWLJDWLQJ WKH ') HQJLQH VWHDG\ VWDWH
SHUIRUPDQFHDQGWUDQVLHQW UHVSRQVH;XHWDO 6KXRQDQHWDO)RUDQDO\VLQJPDULQH
HQJLQHV DQG VKLS SURSXOVLRQ V\VWHPV YDULRXV PRGHO W\SHV KDYH EHHQ DOVR XVHG DV GHVFULEHG LQ
%HQYHQXWRHWDO7KHRWRNDWRV	7]HOHSLV%DOGLHWDO&LFKRZLF]HWDO
DQG0L]\WKUDVHWDO+RZHYHUYHU\IHZVWXGLHVKDYHEHHQSXEOLVKHGIRFXVLQJRQPDULQH')
HQJLQHV LQYHVWLJDWLRQV 7KH FRQWURO GXULQJ IXHO PRGH WUDQVLWLRQ RI D PDULQH ') HQJLQH KDV EHHQ




WXUERFKDUJLQJV\VWHPFRPSUHVVLRQUDWLRDQGYDULDEOHYDOYH WLPLQJ LV UHSRUWHG LQ&KULVWHQ	%UDQG
ZKHUH WKH')HQJLQH FRPEXVWLRQZDVPRGHOOHGE\ FRQVLGHULQJ WKHJDV IXHORQO\ DVVXPLQJ
OLPLWHG FRQWULEXWLRQ RI WKH SLORW IXHO 6L[HO HW DO  FRPELQHG *73RZHU ZLWK D GHYHORSHG
FRPEXVWLRQPRGHODQGH[SHULPHQWV WR LQYHVWLJDWHDPDULQH')HQJLQHRSHUDWLQJZLWKHLWKHUQDWXUDO
JDVRUPHQKDQRO




































































WKH LQYHVWLJDWLRQRI WKHHQJLQHVWHDG\VWDWHSHUIRUPDQFHDQGH[KDXVWHPLVVLRQV LVFDUULHGRXWDW WKH
HQJLQH GLVFUHWH RSHUDWLQJ PRGHV GLHVHOJDV %\ DQDO\VLQJ WKH GHULYHG UHVXOWV WKH SURFHVVHV WKDW
DIIHFWWKHHQJLQHHIILFLHQF\DQGJDVHRXVHPLVVLRQVDUHUHYHDOHGHQDEOLQJWKHHODERUDWLRQRQSRVVLEOH
ZD\VWRLQFUHDVHWKHHQJLQHHIILFLHQF\DQGUHGXFHHPLVVLRQV ,QDGGLWLRQWKHWXUERFKDUJHUPDWFKLQJ
DORQJ ZLWK WKH ZDVWH JDWH VHWWLQJV DUH GLVFXVVHG DV GLIIHUHQW UHTXLUHPHQWV DUH LPSRVHG LQ HDFK
RSHUDWLQJPRGH)LQDOO\WKHRSWLPLVDWLRQRIWKHHQJLQHVHWWLQJVDWWKHJDVPRGHLVLQYHVWLJDWHGEDVHG




7KH :lUWVLOl HQJLQH /') ZDV XVHG IRU WKH SUHVHQW VWXG\ ZKLFK LV D IRXUVWURNH QRQ
UHYHUVLEOHWXUERFKDUJHGDQGLQWHUFRROHG')HQJLQH7KHHQJLQHFRQVLVWVRIQLQHF\OLQGHUVSODFHGLQ
OLQH7KLVW\SHRIHQJLQHLVZLGHO\XVHGGXHWRLWVKLJKSRZHURXWSXWDORQJZLWKLWVIXHOIOH[LELOLW\ORZ



























































































WKURXJK D VRSKLVWLFDWHG VHW RI VROYHUV DQG DOJRULWKPV UHSUHVHQWLQJ WKH SK\VLFDO SURFHVVHV ZLWKLQ D
ZRUNLQJ HQJLQH WR VLPXODWH WKH VWHDG\ DQG WUDQVLHQW VWDWHV RSHUDWLRQ RI YDULRXV HQJLQH W\SHV 7KH
PDLQSULQFLSOHRIWKHVRIWZDUHLVEDVHGRQWKHDELOLW\RIWKHXVHUWREXLOGDQDFFXUDWHHQJLQHPRGHOLQ
WKH VRIWZDUH *8, EDVHG RQD EURDG UDQJH RI LWHPV DYDLODEOH LQ WKH VRIWZDUH OLEUDU\ 7KH VRIWZDUH
HPSOR\V ' JDV G\QDPLFV WR UHSUHVHQW WKH IORZ LQ SLSHV ZKHUHDV ' DSSURDFK ZDV XVHG IRU WKH
VLPXODWLRQRIHQJLQHF\OLQGHUV7KXVLWLVDEOHWRSUHGLFWWKHRSHUDWLQJSDUDPHWHUVRIWKHHQJLQHDQG
LWVFRPSRQHQWVLQFOXGLQJSUHVVXUHVPDVVIORZUDWHVDQGWHPSHUDWXUHV7KH*7,6(VRIWZDUHLVZLGHO\






































































7KHGDWD UHTXLUHG IRU WKHPRGHOOLQJ VWDJH DV LQSXWZDV DFTXLUHG IURP WKHSURGXFWJXLGHDQG WKH
PDQXIDFWXUHU HQJLQH ' PRGHO SUHVHQWHG LQ :lUWVLOl  ,QLWLDOO\ WKH PRGHO IRU RQHF\OLQGHU
EORFNZDVGHYHORSHGDQGYDOLGDWHG IRU WKHGLHVHOPRGHRSHUDWLRQ DQGVXEVHTXHQWO\ WKHPRGHOZDV
H[WHQGHG WR FRYHU WKH GXDO IXHO RSHUDWLRQ E\ DGGLQJ DQ DGGLWLRQDO LQMHFWRU IRU WKH QDWXUDO JDV






































































7KHVWHSV UHTXLUHGWRVHWXS WKHHQJLQHPRGHODUHDVIROORZV ,QLWLDOO\ WKHFRPSRQHQWEORFNVDUH
VHOHFWHG ZKLFK VXIILFLHQWO\ UHSUHVHQW WKH HQJLQH OD\RXW DQG WKH DSSURSULDWH LQWHUFRQQHFWLRQV DUH
HVWDEOLVKHG7KHQWKHLQSXWGDWDRIDOOEORFNVDUHVHW3UHOLPLQDU\FDOLEUDWLRQRIWKHPRGHOFRQVWDQWVLV
SHUIRUPHG IRUD UHIHUHQFHSRLQW DQG VLPXODWLRQ UXQV DUH FDUULHG RXW)LQDOO\ WKH ILQH WXQLQJ RI WKH
PRGHOFRQVWDQWVLVDFFRPSOLVKHGVRWKDWWKHUHTXLUHGDFFXUDF\LVREWDLQHG
7KH LQSXW GDWD QHHGHG WR VHW XS WKH PRGHO LQFOXGHV WKH HQJLQH JHRPHWULF GDWD WKH LQWDNH DQG
H[KDXVWYDOYHVSURILOHVWKHFRPSUHVVRUDQGWXUELQHSHUIRUPDQFHPDSVWKHZDVWHJDWHJHRPHWULFDQG
FRQWUROGHWDLOVWKHFRQVWDQWVRIHQJLQHVXEPRGHOVFRPEXVWLRQKHDWWUDQVIHUDQGIULFWLRQWKHHQJLQH
RSHUDWLQJ SRLQW ORDGVSHHG DQG WKH DPELHQW FRQGLWLRQV ,QLWLDO FRQGLWLRQV DUH UHTXLUHG IRU WKH




KHDW WUDQVIHU FRHIILFLHQW 7KH KHDW UHOHDVH UDWH ZDV VLPXODWHG DFFRUGLQJ WR VLQJOH :LHEH PRGHO
UHSRUWHGLQ0HUNHUHWDOIRUWKHHQJLQHGLHVHORSHUDWLQJPRGHZKLOVWLQ WKHFDVHRI WKHJDV
PRGHWKHPXOWL:LHEHPRGHOZDVXWLOLVHGE\LPSRVLQJWKUHHGLIIHUHQW:LHEHFXUYHVFRUUHVSRQGLQJWR
WKH SUHPL[HG FRPEXVWLRQ RI DSSUR[LPDWHO\ KDOI RI WKH SLORW IXHO WKH GLIIXVLYH FRPEXVWLRQ RI WKH
UHPDLQLQJSLORWIXHODQG WKHUDSLGEXUQLQJRI WKHJDVHRXVIXHODVZHOODV WKHWDLOFRPEXVWLRQRI WKH
F\OLQGHU UHVLGXDOV UHVSHFWLYHO\ ,Q WKLV UHVSHFW WKHFXPXODWLYH IXHOEXUQLQJUDWH IRU WKHJDVPRGH LV
FDOFXODWHGDFFRUGLQJWRWKHIROORZLQJHTXDWLRQ*DPPD7HFKQRORJLHV


















































































FRPSUHVVLRQ ZRUN DQG WKH FRPEXVWLRQ WHPSHUDWXUH UHVXOWLQJ LQ KLJKHU HQJLQH HIILFLHQF\ DQG ORZHU
12[HPLVVLRQVKRZHYHUKLJKERRVWSUHVVXUH DQGDV D UHVXOW FRPSUHVVRUSUHVVXUH UDWLRYDOXHV DUH
QHHGHG
)RU FDOFXODWLQJ 12[ HPLVVLRQV WKH =HOGRYLFK PRGHO ZDV XVHG ZKLFK ZDV FDOLEUDWHG RQO\ IRU
ORDGRSHUDWLRQDWGLHVHODQGJDVPRGHVDQGVXEVHTXHQWO\ZDVXVHGWRSUHGLFWWKH12[HPLVVLRQV
DW WKH RWKHU LQYHVWLJDWHG ORDGV $ WZR]RQH F\OLQGHU PRGHO ZDV HPSOR\HG FRQVLGHULQJ D ]RQH
FRQWDLQLQJWKHFRPEXVWLRQSURGXFWVDQGDQXQEXUQHGPL[WXUH]RQH7KHWHPSHUDWXUHRIWKHEXUQHGJDV
]RQHZDVXVHGIRUHVWLPDWLQJWKH12[HPLVVLRQV+RZHYHUDVWKHWHPSHUDWXUHVSDWLDOGLVWULEXWLRQZDV
QRW FDOFXODWHG E\ WKH WZR]RQH PRGHO WKH 12[ PRGHO LV RQO\ FDSDEOH RI LGHQWLI\LQJ WUHQGV DQG
WKHUHIRUHWKHGHULYHGUHVXOWVVKRXOGEHXVHGZLWKWKHQHFHVVDU\GLOLJHQFH
)LQDOO\WKHFRPSOHWHHQJLQHPRGHOZLWKWKHDLUFRROHUWKHWXUERFKDUJHUDQGZDVWHJDWHZDVEXLOW
IRU WKH GLHVHO DQG JDV PRGHV )RU WKH JDV RSHUDWLQJ PRGH WKH HQJLQH QHHGV WR RSHUDWH ZLWKLQ DQ
 HTXLYDOHQFH UDWLR LQ WKH UDQJH  WR  IRU DYRLGLQJ NQRFNLQJ DQG PLVILULQJ 7KLV ZDV





































































7KH LQYHVWLJDWHG PDULQH ') HQJLQH VWHDG\ VWDWH RSHUDWLRQ DW ERWK GLHVHO DQG JDV PRGHV ZDV
H[DPLQHG E\ SHUIRUPLQJ VLPXODWLRQ UXQV LQ D ORDG UDQJH IURP  WR  DQG FRQVWDQW HQJLQH
VSHHGDWUPLQ$VHWRIWKHGHULYHGUHVXOWVLQFOXGLQJ WKHF\OLQGHUPD[LPXPSHDNSUHVVXUHWKH
LQGLFDWHG DQG EUDNH PHDQ HIIHFWLYH SUHVVXUHV WKH EUDNH VSHFLILF HQHUJ\ FRQVXPSWLRQ WKH EUDNH
HIILFLHQF\ WKH WXUERFKDUJHU VKDIW VSHHG WKHERRVWSUHVVXUH WKHH[KDXVWJDV WHPSHUDWXUHEHIRUHDQG
DIWHUWXUELQHDORQJZLWK WKHLUFRPSDULVRQ WRWKHUHVSHFWLYHDYDLODEOHHQJLQHPHDVXUHGGDWDIURPWKH
HQJLQH VKRS WULDOV LV SUHVHQWHG LQ )LJXUH 7KH SUHGLFWHG HQJLQH SDUDPHWHUV LQFOXGLQJ WKH DLU DQG
H[KDXVWJDVPDVVIORZUDWHVWKH HTXLYDOHQFHUDWLRWKHZDVWHJDWHRSHQLQJDQGWKHPD[LPXP
WHPSHUDWXUHRIWKHEXUQHG]RQHDVZHOODVVSHFLILF12[DQG&2HPLVVLRQVDUHLOOXVWUDWHGLQ)LJXUH
7KH QRUPDOLVHG F\OLQGHU SUHVVXUH GLDJUDPV IRU WKH  ORDG LV VKRZQ LQ )LJXUH ZKHUHDV WKH







/RDG0&5 3E SPD[ 7&VSHHG (II
    
    
    
    
    
*DVPRGH
/RDG0&5 3E SPD[ 7&VSHHG (II
    
    
    
    






































































)XHO P  62& )UDFWLRQ
0*2    
*DVPRGH
)XHO P  62& )UDFWLRQ
3UHPL[HGFRPEXVWLRQ    
0DLQFRPEXVWLRQ    
7DLOFRPEXVWLRQ    
:LHEHSDUDPHWHU D HTXDOVWRIRUDOOFXUYHV
7KHFRPEXVWLRQPRGHOVSDUDPHWHUVYDOXHVDVXVHGLQHTXDWLRQVDQGFDOLEUDWHGWRVLPXODWH
WKH GLHVHO DQG JDV PRGHV DW  ORDG DUH VXPPDULVHG LQ 7DEOH  %\ FRQVLGHULQJ WKH GHULYHG
SUHVVXUHGLDJUDPV)LJXUH LWFDQEH LQIHUUHG WKDW WKHGLHVHOPRGHFRPEXVWLRQVWDUWVFORVHUWRWKH




GXDOIXHOFRPEXVWLRQ LVVOLJKWO\KLJKHUDQG WKHPDLQFRPEXVWLRQHQGVHDUOLHU WKDQ WKDWDW WKHGLHVHO




GXUDWLRQ WKH ORZHU PD[LPXP SUHVVXUH DQG WKH UHVXOWDQW ORZHU IULFWLRQ WKH HQJLQH EUDNH SRZHU LV
UHWDLQHGDWWKHVDPHOHYHODVLQWKHGLHVHOPRGH
7KHUHIRUHLQWHUPVRIWKHHQJLQHSRZHURXWSXWDQGPHDQHIIHFWLYHSUHVVXUHVEHKDYLRXULWFDQEH
REVHUYHG WKDW VLPLODU YDOXHV ZHUH REWDLQHG LQ HDFK RSHUDWLQJ PRGH WKH LQGLFDWHG PHDQ HIIHFWLYH







































































ORZ ORDGV ZKLOVW  ZDV REWDLQHG DW PHGLXP DQG KLJK ORDGV )RU WKH GLHVHO PRGH WKH REWDLQHG






FRPSUHVVRUPDS WKH WXUERFKDUJHUVSHHGSUHVVXUH UDWLRDQGIORZUDWHDUHFRQVLGHUDEO\ UHGXFHG LQ
WKHJDVPRGHZKHQWKHHQJLQHRSHUDWHVDWKLJKORDGV6PDOOHUUHGXFWLRQVFDQEHREVHUYHGDWWKHORZHU
ORDGVDQG7KLVGHQRWHVWKDWWKHWXUERFKDUJHUPDWFKLQJQHHGVVSHFLDODWWHQWLRQIRUD')
HQJLQH FRPSDUHG WR WKH UHVSHFWLYH SURFHVV IRU GLHVHO RU JDV HQJLQHV DV LQ WKH IRUPHU FDVH WKH
UHTXLUHPHQWVIRUWKHWZRGLVFUHWHPRGHVQHHGWREHVDWLVILHG(VSHFLDOO\IRUWKHFRPSUHVVRUVHOHFWLRQ
DQXPEHURISDUDPHWHUVXVXDOO\FRQWUDGLFWRU\KDYHWREHFRQVLGHUHGLQFOXGLQJWDUJHWLQJRSHUDWLRQLQ







PXFK KLJKHU HIILFLHQF\ DW  ORDG ZKHQ RSHUDWLQJ DW WKH GLHVHO PRGH 7KLV LV DWWULEXWHG WR WKH
VSHFLILFFKDUDFWHULVWLFVRIGLHVHODQGJDVRSHUDWLQJPRGHVDVZHOODVWRWKHRSHQLQJRIWKHZDVWHJDWH
YDOYH WKDW UHVXOWV LQ ORZHU WXUERFKDUJHU VSHHG DQG SUHVVXUH OHYHOV IRU WKH JDV PRGH 6LPLODU









































































































































































































































































































SDUDPHWULF VWXG\ ZDV SHUIRUPHG IRU RSWLPLVLQJ WKH ') HQJLQH VHWWLQJV DLPLQJ WR D VLPXOWDQHRXV
UHGXFWLRQRIWKH&2DQG12[HPLVVLRQV,WPXVWEHQRWHGWKDWWKH&2HPLVVLRQVDUHSURSRUWLRQDOWR
WKHHQJLQHVSHFLILFHQHUJ\FRQVXPSWLRQDQGWKHUHIRUHDGHFUHDVHRI&2HPLVVLRQVFRUUHVSRQGWRD




IURPWKHSUHYLRXVO\SUHVHQWHGVLPXODWLRQUHVXOWVDUHLOOXVWUDWHG LQ)LJXUH ,WFDQEH LQIHUUHGIURP
)LJXUHWKDWWKHVLPXOWDQHRXVUHGXFWLRQRI&2DQG12[FDQEHREWDLQHGE\RSHUDWLQJWKHHQJLQHLQ
KLJKHU YDOXHV RI  HTXLYDOHQFH UDWLR +RZHYHU WKH FRQVLGHUHG SHUPLVVLEOH ODPEGD ZLQGRZ
IURPWRWRDYRLGNQRFNLQJDQGPLVILULQJUHVSHFWLYHO\UHVXOWHGLQWKHH[FOXVLRQRIDQXPEHU
RIWKHSHUIRUPHGSDUDPHWULFUXQVSRLQWV7KHXVHGVWDUWRILQMHFWLRQDWWKHUHIHUHQFHSRLQWSURYLGHVD
FRPSURPLVH EHWZHHQ WKH &2 DQG WKH 12[ HPLVVLRQV 5HWDUGLQJ WKH LQMHFWLRQ UHVXOWV LQ LQFUHDVHG
&2HPLVVLRQVDQGUHGXFHG12[HPLVVLRQVDQGYLFHYHUVD7KHUHIRUHWKHUHIHUHQFHYDOXHIRUWKHVWDUW
RILQMHFWLRQZDVRQO\FRQVLGHUHGIRUWKHSDUDPHWULFUXQVIRUDQGORDGVSUHVHQWHGEHORZ$V
LQGLFDWHG LQ WKHERWWRPSORWVRI)LJXUH WKH HQJLQHRSHUDWLRQZLWK LQFUHDVHG  HTXLYDOHQFH
UDWLRYDOXHVFDQEHDFKLHYHGHLWKHUE\LQFUHDVLQJWKHERRVWSUHVVXUHE\FORVLQJWKHZDVWHJDWHYDOYH







































































%\H[FOXGLQJWKHSRLQWVRXWVLGH WKHFRQVLGHUHG ODPEGDZLQGRZDVZHOODV WKHSRLQWVZLWK&2DQG













)URP WKH UHVXOWV SUHVHQWHG LQ )LJXUH  DQG 7DEOH  WKH VORSHV RI WKH UHVSHFWLYH FXUYHV WKH
UHODWLYHVLJQLILFDQFHRI WKH WKUHHSDUDPHWHUVXVHG LQ WKHSDUDPHWULFUXQVFDQEHLGHQWLILHG7KH LQOHW
PDQLIROGERRVWSUHVVXUHFDQEHFKDUDFWHULVHGDVWKHPDLQHQJLQHSDUDPHWHUIRUUHGXFLQJERWK12[DQG
&2HPLVVLRQVZKLOVWWKHLQOHWYDOYHFORVLQJFDQEHFRQVLGHUHGRIORZHUVLJQLILFDQFH7KHSLORWIXHO
LQMHFWLRQ WLPLQJ LV DOVR D SDUDPHWHU WKDW FRQVLGHUDEO\ DIIHFWV WKH HPLVVLRQV DV VKRZQ LQ )LJXUH 








































































WREHZLGHU WKDQ WKHRQHRI WKH ORDGFDVHIURP WRYHUVXV WR UHVSHFWLYHO\DV
LQGLFDWHGLQ:lUWVLOl7KHJUHHQPDUNVUHSUHVHQWSRLQWVZLWKWKHVDPHVHWWLQJVDVWKHSRLQWV
DQGDWORDG$V LWFDQEH LQIHUUHGIURPWKHDQDO\VLVRI)LJXUHUHVXOWVWKHUH LVSRWHQWLDO IRU
VLPXOWDQHRXVO\UHGXFLQJWKH&2DQG12[HPLVVLRQV$JUHDWHUUHGXFWLRQFDQEHREWDLQHGLQWKH12[





$QRWKHU LPSRUWDQW SDUDPHWHU WKDW QHHGV WR EH FRQVLGHUHG LQ WKH HQJLQH RSWLPLVDWLRQ VWXG\ LV WKH
XQEXUQW K\GURFDUERQ HPLVVLRQV DQG LQ VSHFLILF WKHPHWKDQH VOLS IRU WKH ') HQJLQHV 7KLV ZDV QRW
FRQVLGHUHGLQWKLVVWXG\DVWKH'PRGHOVFDQQRWSURYLGHDFFXUDWHUHVXOWVIRUWKH+&HPLVVLRQVZKLFK
DSDUW IURP WKH WKHUPRG\QDPLF DQG WKHUPRFKHPLVWU\ SDUDPHWHUV DUH JUHDWO\ LQIOXHQFHG E\ WKH














































































































































/RDG 1R  SUHVVXUH ,QMHFWLRQWLPLQJ
/DPGD 12[ &2  
  &$  &$  JN:K JN:K  
                 

        
        
        















































































WKH GLHVHOPRGH FRUUHVSRQGLQJ WR JUHDWHU DLU IORZ UDWHV7KLV LV REWDLQHG E\ FRQWUROOLQJ ZDVWH JDWH
YDOYHRSHQLQJIRUJDV PRGH WRDGMXVW WKHHQJLQHDLU IORZDQG WKHUHIRUH WKH  UDWLR6SHFLDO
DWWHQWLRQPXVWEHSDLGGXULQJWKHWXUERFKDUJHUPDWFKLQJSURFHVVDVWKHUHDUHGLIIHUHQWUHTXLUHPHQWVLQ
HDFK RSHUDWLQJ PRGH LQFOXGLQJ DYRLGDQFH RI WXUERFKDUJHU RYHUVSHHG SURYLGLQJ DQ DGHTXDWH
FRPSUHVVRUVXUJHPDUJLQDQGRSHUDWLQJWKHFRPSUHVVRUZLWKLQLWVKLJKHIILFLHQF\DUHD
 ,QWKHJDVPRGHWKHHQJLQHRSHUDWHVDWORZHUUHFHLYHUVDQGLQF\OLQGHUSUHVVXUHOHYHO+RZHYHU





7KH GLHVHO PRGH FRPSOLHV ZLWK WKH7LHU ,, OLPLWV ZKHUHDV7LHU ,,, OLPLWV DUHPHW ZKHQ WKH HQJLQH
RSHUDWHGLQWKHJDVPRGH





































































WRDQG UHVSHFWLYHO\E\ LQFUHDVLQJ WKH LQOHW ERRVWSUHVVXUHE\DQGRUE\ UHWDUGLQJ WKH
0LOOHU WLPLQJ LQOHWYDOYHFORVLQJE\GHJUHHV&$+RZHYHU OLPLWDWLRQVDSSO\GXH WR UDWLR
RSHUDWLRQZLQGRZDQGWKHSRWHQWLDOK\GURFDUERQHPLVVLRQVPHWKDQHVOLSLQFUHDVH
 7KHGHULYHGUHVXOWVYHULI\WKDWWKH&2HPLVVLRQVLQWKHJDVPRGHUHGXFHGDSSUR[LPDWHO\LQ
























































































































































































DQG H[SHULPHQWDO WHVW RI GXDO IXHO RSHUDWHG GLHVHO HQJLQHV $SSOLHG 7KHUPDO (QJLQHHULQJ 
GRLKWWSG[GRLRUJMDSSOWKHUPDOHQJ











PRGHODQGDSSOLFDWLRQ IRUD ODUJHPDULQH IRXUVWURNH'LHVHOHQJLQHVLPXODWLRQ$SSOLHG(QHUJ\

%DQFN $(LNH6 	&DUVWHQ5 'XDO)XHO(QJLQHRSWLPL]HG IRUPDULQH DSSOLFDWLRQV WK &,0$&
:RUOG&RQJUHVVS+HOVLQNL&,0$&
%HQYHQXWR * &DPSRUD 8 	 /DYLROD 0  6LPXODWLRQ 0RGHO RI D 0HWKDQH)XHOOHG )RXU 6WURNH




LQMHFWLRQ DQGGLHVHO SLORW LQMHFWLRQ RQ WKH FRPEXVWLRQ DQG HPLVVLRQVRI D WXUERFKDUJHG FRPPRQ UDLO





5HSRUW 8QLYHUVLW\ RI 0DQFKHVWHU 6FKRRO RI 0HFKDQLFDO $HURVSDFH DQG &LYLO (QJLQHHULQJ 7\QGDOO
&HQWUH IRU &OLPDWH &KDQJH 5HVHDUFK 5HWULHYHG IURP
KWWSZZZORZFDUERQVKLSSLQJFRXNILOHVXFOBDGPLQ+LJKB6HDVB+LJKB6WDNHVB+LJKB6HDVB3URMHFWB)L
QDOB5HSRUWSGI
&DPHUHWWL 0 7XFFLOOR 5 'H 6LPLR / ,DQQDFFRQH 6 	 &LDUDYROD 8  $ QXPHULFDO DQG
H[SHULPHQWDO VWXG\ RI GXDO IXHO GLHVHO HQJLQH IRU GLIIHUHQW LQMHFWLRQ WLPLQJV $SSOLHG 7KHUPDO
(QJLQHHULQJ GRLKWWSG[GRLRUJMDSSOWKHUPDOHQJ
&KULVWHQ & DQG %UDQG '  ,027LHU  *DV DQGGXDO IXHO HQJLQHV DV D FOHDQ DQG HIILFLHQW VROXWLRQ
3DSHU QR  WK &,0$& :RUOG &RQJUHVV RQ &RPEXVWLRQ (QJLQH 7HFKQRORJ\ 6KDQJKDL &KLQD
 0D\
&LFKRZLF] - 7KHRWRNDWRV * 	 9DVVDORV '  '\QDPLF HQHUJ\ PRGHOOLQJ IRU VKLS OLIHF\FOH
SHUIRUPDQFHDVVHVVPHQW2FHDQ(QJLQHHULQJ






































































&,0$&  75$16,(17 5(63216( %(+$9,285
)UDQNIXUW&,0$&
&LXOOL (  $ UHYLHZ RI LQWHUQDO FRPEXVWLRQ HQJLQH ORVVHV SW  VWXGLHV IRU JOREDO HYDOXDWLRQV





&RUGLQHU 6 5RFFR 9 6FDUFHOOL 5 *DPELQR 0 ,DQQDFFRQH V 	 6HWDUR *  1XPHULFDO DQG






%RXPDQ ( /LQGVWDG ( 5LDOODQG $ 6WU¡PPDQ $  6WDWHRIWKHDUW WHFKQRORJLHV PHDVXUHV DQG
SRWHQWLDO IRUUHGXFLQJ *+* HPLVVLRQV IURP VKLSSLQJ  $ UHYLHZ 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW '
 GRLKWWSG[GRLRUJMWUG
*DPPD7HFKQRORJLHV*75HIHUHQFH0DQXDO










-DUI & 	 6XWNRZVNL 0  7KH :lUWVLOl *' HQJLQH IRU KHDY\ JDVHV :lUWVLOl 5HWULHYHG -DQXDU\
 IURP 3ROLVK 6FLHQWLILF 6RFLHW\ RI &RPEXVWLRQ (QJLQHV KWWSZZZFRPEXVWLRQ
HQJLQHVHXHQQXPEHUV






















































































0$1 'LHVHO 	 7XUER  0(*, *DVUHDG\ 6KLS 0$1 'LHVHO 	 7XUER 3XEOLFDWLRQ 1R 
SSU$XJ'HQPDUN
0DYUHORV & 	 7KHRWRNDWRV *  1XPHULFDO ,QYHVWLJDWLRQ RI D 3UHPL[HG &RPEXVWLRQ /DUJH 0DULQH
7ZR6WURNH'XDO)XHO(QJLQHIRU2SWLPLVLQJ(QJLQH6HWWLQJVYLD3DUDPHWULF5XQV(QHUJ\&RQYHUVLRQ
DQG0DQDJHPHQW
0HQJKDQ / 4LDQJ = *XR[LDQJ / 	 6 6  ([SHULPHQWDO LQYHVWLJDWLRQ RQ SHUIRUPDQFH DQG KHDW







IXHO PRGH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